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SIGNAL CHAIN WITH CURRENT OUTPUT
GAIN STAGE FOLLOWED BY CURRENT
INPUT ADC

FIELD OF THE DISCLOSURE

This document relates generally to integrated circuits and
more particularly, but not limited to, gain stage circuits.

BACKGROUND

An mput signal can be applied to a gain stage to adjust a
level of the input signal. For example, the gain stage can
amplify or attenuate the input signal. A gain stage can
receive an input voltage and generate an output voltage. For
example, an nstrumentation amplifier can include three
operational amplifiers coupled together 1n two stages to
output a voltage that 1s an amplified or attenuated version of
a recerved input signal.

The output voltage of the gain stage can be applied to a
subsequent circuit. For example, a voltage-based analog-to-
digital converter circuit can be coupled with receive the
output voltage of the gain stage.

SUMMARY OF TH.

T

DISCLOSURE

This disclosure describes various techniques to allow an
output current from a gain stage, such as an instrumentation
amplifier, to be applied directly from a current output node
to an iput node of a current input of a subsequent circuit,
such as an ADC circuit.

In some aspects, this disclosure 1s directed to a circuit
comprising a gain stage including: an mput node to recerve
an input signal; a first operational amplifier stage coupled
between the mput node and a current output node, the
current output node to provide a current output; a current
mirror stage coupled with an output of the first operational
amplifier stage, the current output node coupled with the
current mirror stage; and an analog-to-digital converter
(ADC) circuit having an input node coupled with the current
output node of the gain stage, the input node to receive a
current input.

In some aspects, this disclosure 1s directed to a method
comprising: receiving an mput signal; applying, using a gain
stage, a gain to the mput signal to adjust a level of the input
signal; outputting, using a current output node of the gain
stage, a current representing the adjusted mnput signal; and
applying the current representing the adjusted input signal to
an input node ol an analog-to-digital converter (ADC)
circuit having an input node coupled with the current output
node of the gain stage, the input node to receive a current
input.

In some aspects, this disclosure 1s directed to a gain stage
including: an mput node to receive an input signal; a first
operational amplifier stage coupled between the 1nput node
and a current output node, the current output node to provide
a current output; a current mirror stage coupled with an
output of the first operational amplifier stage, the current
output node coupled with the current mirror stage; a second
operational amplifier stage coupled between the current
mirror stage and a voltage output node, the voltage output
node to provide a voltage output; a first analog-to-digital
converter (ADC) circuit having an mput node coupled with
the current output node of the gain stage, the input node to
receive a current mput; and a second ADC circuit having a
voltage-based mput node coupled with the voltage output
node of the gain stage.
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2
BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings, which are not necessarily drawn to scale,
like numerals may describe similar components 1n difierent
views. Like numerals having different letter suflixes may
represent different instances of similar components. The
drawings 1llustrate generally, by way of example, but not by
way ol limitation, various embodiments discussed in the
present document.

FIG. 1 1s a block diagram of an example of a circuit
including a gain stage with a current output coupled with a
current input ADC circuit using various techniques of this
disclosure.

FIG. 2 15 a block diagram of another example of a circuit
including a gain stage with a current output coupled with a
current mput ADC circuit using various techmques of this
disclosure.

FIG. 3 15 a block diagram of another example of a circuit
including a gain stage with a current output coupled with a
current input ADC circuit using various techniques of this
disclosure.

FIG. 4 15 a block diagram of another example of a circuit
including a gain stage with a current output coupled with a

current input ADC circuit using various techniques of this
disclosure.

FIG. 5 15 a block diagram of another example of a circuit
including a gain stage with a current output coupled with a
current mput ADC circuit using various techmques of this
disclosure.

FIG. 6 1s an example of a second operational amplifier
stage that can be included and coupled with a voltage output
node of a gain stage.

FIG. 7 1s a block diagram of another example of a circuit
including a gain stage with a current output coupled with a
current input ADC circuit using various techniques of this
disclosure.

DETAILED DESCRIPTION

A gain stage, such as an amplifier, e.g., an instrumentation
amplifier, can receive an input signal and adjust the level of
the mnput signal, e.g., amplify or attenuate. An output voltage
of the gain stage can be applied to a subsequent circuit. For
example, a voltage-based analog-to-digital converter (ADC)
circuit can be coupled with receive the output voltage of the
gain stage and generate a digital output signal.

The present inventor has recognized the desirability of
removing circuitry within the gain stage 1n order to allow the
gain stage to output a current directly to a subsequent circuait.
For example, an instrumentation amplifier can include three
operational amplifiers coupled together 1 two stages to
output a voltage that 1s an amplified or attenuated version of
a received iput signal. Using various techniques of this
disclosure, 1n some examples, the second stage of the
instrumentation amplifier, which can include a transconduc-
tance stage that converts a current to a voltage that can be
applied to an output node of the instrumentation amplifier,
can be removed. Removal of such a second stage can allow
an output current from the gain stage to be applied directly
from a current output node to an input node of a current input
ADC circuit, for example.

As an example, continuous-time sigma-delta (CTSD)
ADC circuits can be designed to accept current inputs. For
example, an mput resistor of the CTSD ADC circuits can be
removed and replaced by a current input. Removal of the
resistor can advantageously improve power efliciency. In
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some examples, a photodiode can be connected directly to a
virtual node of an integrator of the CTSD ADC circuat.

FIG. 1 1s a block diagram of an example of a circuit
including a gain stage with a current output coupled with a
current mput ADC circuit using various techniques of this
disclosure. The circuit 100 1n FIG. 1 can include a gain stage
102. The gain stage 102 can include an amplifier, such as an
instrumentation amplifier, having a non-inverting input node
104 and an mverting mput node 106. The mput nodes 104,
106 can receive an input signal V., such as from a sensor
performing a measurement. The gain stage can apply a gain,
¢.g., greater than or less than zero, to the mput signal to
adjust a level of the 1nput signal, e.g., amplifier or attenuate.
The circuit 100 can form a signal chain.

Using the techniques of this disclosure, the gain stage can
generate a current instead of a voltage at one or more current
output nodes, such as at the current output nodes 108, 110.
Then, one or more input nodes of a subsequent circuit, such
as an ADC circuit 112 can be coupled with the current output
node of the gain stage 102 and receive a current input, rather
than a voltage iput. In some examples, the ADC circuit 112
can be a CTSD ADC circuit, such as shown in FIG. 1, having
input nodes 114, 116. The CTSD ADC circuit can include an
integrator circuit having an operational amplifier circuit 118
coupled 1n a feedback configuration using capacitors. In
addition, the CTSD ADC circuit can include a quantizer
circuit 120 and a digital-to-analog converter (DAC) circuit
122, such as a current DAC or resistive DAC. The ADC
circuit 112 can generate a digital output DOUT that repre-
sents the analog mput signal.

In some existing techniques, gain stages can include three
operational amplifiers coupled together 1n two stages to
output a voltage that 1s an amplified or attenuated version of
a received 1nput signal. In addition, a resistor can be coupled
with the mputs of the CTSD ADC circuit. Using various
techniques of this disclosure, the resistor that 1s coupled with
the inputs of the CTSD ADC circuit can be removed and the
second operational amplifier stage of the gain stage can also
be removed such that a current that 1s output by the gain
stage 102 can be applied directly to the mputs of the CTSD
ADC circuit, which can provide a power advantage over the
existing techniques. In addition, removal of the second
operational amplifier stage of the gain stage can advanta-
geously reduce the area of the circuit. Further, the first
operational amplifier stage can still be a high-voltage stage,
e.g., 60 VDC, coupled directly to an CTSD ADC circuit, for
example.

In some examples, the gain stage 102 and the ADC circuit
112 can be arranged 1n a diflerential configuration, such as
shown i FIG. 1. Differential configurations can include
tully differential or pseudo-differential configurations. In
other examples, the gain stage and the ADC circuit can be
arranged 1n a single-ended configuration, such as shown 1n
FIG. 4.

FIG. 2 1s a block diagram of another example of a circuit
including a gain stage with a current output coupled with a
current input ADC circuit using various techniques of this
disclosure. The circuit 200 1n FIG. 2 can include a gain stage
202, e.g., an mstrumentation amplifier, which can be an
example of the gain stage of FIG. 1. The gain stage 202 can
include first mput nodes 204A, 204B to receive input
voltages VINP1, VINP2, respectively, and second input
nodes 206A, 206B to receive imput voltages VINNI,
VINN2, respectively. The gain stage 202 can include a
multiplexer 204 to select one of the first input nodes and one
of the second mput nodes, such as (VINP1, VINN1) or
(VINP2, VINN2), and then output the input voltages corre-
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sponding to the selected input nodes to inputs of correspond-
ing operational amplifiers 205A, 205B. The two operational
amplifiers 205A, 2058 can form a first operatlonal amplifier
stage, e.g., differential gam stage, of the gain stage 202. As
seen 1 FIG. 2, the gain stage 202 includes only a single
operational ampliﬁer stage. A second operational amplifier
stage, e€.g., such as including a resistive fully differential
amplifier (FDA), has been removed. The circuit 200 can
form a signal chain.

A resistor multiplexer 207 can select and couple one or
more resistors between the inverting terminals of the opera-
tional amplifiers 205A, 205B. In some examples, the gain
stage 202 can include a current mirror stage, such as a
current mirror stage that includes current mirrors 209A,
209B. The current mirrors 209A, 209B can be coupled with
corresponding current output nodes of the operational ampli-
fiers 205A, 2058, where each of the current output nodes to
provide a current output. The current mirror 209A can
generate a {irst output current at the current output node 208
and the current mirror 209B can generate a second output
current at the current output node 210. In some examples,
the current mirrors 209A, 209B can include corresponding
filter circuits 211A, 2111B, which can perform signal filter-
ing, such as anti-aliasing. In some examples, the filter
circuits 211A, 211B can include an extra pole, 1 needed.

The gain stage 202 can generate a current instead of a
voltage at the current output nodes 208, 210. Then, one or
more iput nodes of a subsequent circuit, such as the input
nodes 114, 116 of the ADC circuit 112, can be coupled with
the current output node of the gain stage 102 and receive a
current mput, rather than a voltage input. In this manner,
output of the first operational amplifier stage can essentially
be coupled directly to the itegrator circuit of the ADC
circuit 112. The ADC circuit 112 was described above and,
for purposes of conciseness, will not be described again.

FIG. 3 15 a block diagram of another example of a circuit
including a gain stage with a current output coupled with a
current mput ADC circuit using various techmques of this
disclosure. The circuit 300 of FIG. 3 can include a gain stage
302 that can be similar to the gain stage 102 of FIG. 1, a
non-limiting example of which being shown 1n FIG. 2 as the
gain stage 202. The circuit 300 can form a signal chain.

In the example shown 1n FIG. 1, the ADC circuit 112 was
described as a CTSD ADC circuit. However, other examples
of ADC circuits can be coupled to the current output nodes

of the gain stage 102. For example, the ADC circuit 304 1n
FIG. 3, which 1s an example of the ADC circuit 112 of FIG

1, can be a continuous-time ADC (CT-ADC), such as
CTSD ADC circutt, or a discrete-time ADC (DT—ADC)
circuit, such as a successive approximation register (SAR)
ADC circuit.

The circuit 300 can include a pair of electronic switches
306, 308, such as transistors, coupled 1n series between a
current output node 310 of the gain stage 302 and to an 1input
node 312 of the ADC circuit 304. The circuit 300 can include
a control circuit 314 to operate the pair of electronic
switches 306, 308 1n a complementary manner, such as by
using two opposite timing phases 41 and 42.

In addition, the circuit 300 can include a capacitor 316
coupled between the pair of electronic switches 306, 308 and
to a reference voltage 318. The capacitor 316 can receive the
current output from the gain stage 302. For example, the
current that 1s output from the gain stage 302 can charge the
capacitor 316 and thus the capacitor can act as an integrator.
The ADC circuit 304 can measure the integrator current 1n
the form of a voltage. The ADC circuit 304 can generate a
digital output DOU'T that represents the analog input signal.
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FIG. 4 1s a block diagram of another example of a circuit
including a gain stage with a current output coupled with a
current mput ADC circuit using various techniques of this
disclosure. The circuit 400 can 1include a gain stage 402 that
can be similar to the gain stage 102 of FIG. 1, a non-limiting
example of which being shown 1n FIG. 2 as the gain stage
202. In the example shown 1n FIG. 4, the gain stage 402 and
the ADC circuit 404 can be arranged i a single-ended
configuration. The circuit 400 can form a signal chain.

The ADC circuit 404 can be a single-ended CTSD ADC
circuit, for example, including an integrator circuit having
an operational amplifier circuit 406 coupled in a feedback
configuration using a capacitor. The ADC circuit 404 can
include input nodes 408, 410. As seen in the single-ended
configuration 1n FIG. 4, the non-inverting input node 408
can receive a current output from a current output node 411
of the gain stage 402. The mnverting input node 410 can
receive a common-mode voltage VCM. In addition, the
ADC circuit 404 can include a quantizer circuit 412 and a
digital-to-analog converter (DAC) circuit 414, such as a
current DAC or resistive DAC. The ADC circuit 404 can
generate a digital output DOUT that represents the analog
input signal.

In some examples, the circuit 400 can include a control
circuit 416 that can output one or more control signals to
control various operations of the ADC circuit 404. For
example, the control circuit 416 can output various control
signals to the DAC circuit 414 and the quantizer circuit 412.

In some examples, the gain stage described 1n this dis-
closure can further include a voltage output node. The
current output node can be coupled with a first subsequent
circuit, e.g., a first ADC circuit, and the voltage output node
can be coupled with a second subsequent circuit, e.g., a
second ADC circuit. Then, a control circuit can control a
corresponding switch to couple the current output node to
the first subsequent circuit, e.g., the first ADC circuit, and/or
couple the voltage output node with the second subsequent
circuit, e.g., the second ADC circuit. Examples of these
techniques are shown in FIGS. 5 and 6.

FIG. 5 1s a block diagram of another example of a circuit
including a gain stage with a current output coupled with a
current input ADC circuit using various techniques of this
disclosure. The circuit 500 can include a gain stage 502. The
gain stage 502 can include an amplifier, such as an instru-
mentation amplifier, having a non-inverting input node 104
and an 1nverting input node 106. The mnput nodes 104, 106
can receive an input signal V.., such as from a sensor
performing a measurement. The gain stage can apply a gain,
¢.g., greater than or less than zero, to the iput signal to
adjust a level of the input signal, e.g., amplifier or attenuate.
The circuit 500 can form a signal chain.

Using various techniques described above, the gain stage
502 can generate a current instead of a voltage at one or
more current output nodes, such as at the current output node
508. Then, one or more input nodes of a subsequent circuit,
such as a current-input ADC circuit 510, can be coupled with
the current output node 508 of the gain stage 502 and can
receive a current input, rather than a voltage input. In some
examples, the current-input ADC circuit 510 can include a
current input continuous-time sigma-delta ADC circuit. The
current-input ADC circuit 510 can generate a first digital
output DOUTT.

In addition, and as mentioned above, the gain stage 502
can further include a voltage output node 512 to provide a
voltage output. The second operational amplifier stage of the
gain stage that was removed from the path to generate a
current at the current output node 508 can be included 1n the
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path to the voltage output node 512. That 1s, the gain stage
502 can include a first operational amplifier stage, such as
shown 1n FIG. 2, and a second operational amplifier stage
between one or more input nodes 104, 106 and the voltage
output node 512. An example of such a second operational
amplifier stage 1s shown 1n FIG. 6. One or more input nodes
ol a subsequent circuit, such as a voltage-based ADC circuit
514, can be coupled with the voltage output node 512 of the
gain stage 502 and can receive a voltage mput. The voltage-
based ADC circuit 510 can generate a second digital output
DOUT?2.

The circuit 500 can include an electronic switch 516, ¢.g.,
a transistor, coupled between the current output node 508 of
the gain stage 502 and an input node 518 of the current-input
ADC circuit 510. In addition, the circuit 500 can include an
clectronic switch 520, e.g., a transistor, coupled between the
current output node 512 of the gain stage 502 and a
voltage-based input node 522 of the voltage-based ADC
circuit 514.

A control circuit 524 can output corresponding signals to
control operation of the switches 516, 520 to couple the
current output node 508 with the input node 3518 of the
current-input ADC circuit 5310 and/or couple the voltage
output node 512 with the voltage-based input node 522 of
the voltage-based ADC circuit 514. In some examples, the
control circuit 524 can output signals to one or both the
current-input ADC circuit 510 and the voltage-based AD
circuit 514 to control various operations of those ADC
circuits.

For example, in some implementations, both the current-
iput ADC circuit 510 and the voltage-based ADC circuit
514 can operate substantially simultaneously on the same
analog 1nput signal sample. In such an example, the control
circuit can output control signals to close both the electronic
switches 516, 520.

In other examples, either the current-input ADC circuit
510 or the voltage-based ADC circuit 514 can be coupled
with a corresponding output node 508, 512 of the gain stage
502. In such an example, the control circuit can output
control signals to close one of the electronic switches 516,
520 and open the other one.

In addition, the ADC circuit 500 can include a digital
signal processor (DSP) 526 configured to receive the first
digital output signal DOUT1 and/or the second digital
output signal DOUT2 and generate at least one processed
digital output signal DOUT. As an example, such as when
the current-input ADC circuit 5310 and the voltage-based
ADC circuit 514 are operating substantially simultaneously
on the same analog mput signal sample, the digital signal
processor 526 can be configured to combine the first digital
output signal DOUT1 and the second digital output signal
DOUT?2, such that the at least one processed digital output
signal DOUT 1s a single, combined digital output signal.
That 1s, the first digital output signal DOUT1 and the second
digital output signal DOUT2 can be recombined digitally
into a single bit stream. An example of a recombination
technique 1s described 1n commonly assigned U.S. Pat. No.
9,083,369 to Coln et al. and titled “Split-path data acquisi-
tion signal chain,” the entire contents of which being incor-
porated herein by reference.

In examples in which only one of the current-input ADC
circuit 510 and the voltage-based ADC circuit 514 are
operating on a given analog input signal sample, the digital
signal processor 526 can receive the first digital output
signal DOUT1 or the second digital output signal DOUT2
and generate a corresponding processed digital output signal
DOUT.
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FIG. 6 1s an example of a second operational amplifier
stage that can be included and coupled with a voltage output
node of a gain stage. The second operational amplifier stage
600, e.g., resistive fully differential amplifier, can include a
pair ol operational amplifiers 602A, 602B arranged 1n a
teedback configuration using corresponding resistors 604 A,
6048B. The second operational amplifier stage 600 can
include input nodes 606A, 606B coupled with and config-
ured to recerve mput signals from nodes 208, 210 in FIG. 2,
for example. In some examples, each of the mput nodes
606A, 606B can be coupled with corresponding electronic
switches that can be controlled by a control circuit, such as
the control circuit 524 of FIG. 5.

In some examples, the input nodes 606A, 6068 can be
coupled with the inverting mputs of the operational ampli-
fiers 602A, 602B and the non-inverting inputs of the opera-
tional amplifiers 602A, 602B can be coupled together and to
a reference voltage VREF. The second operational amplifier
stage 600 can generate outputs VOUTP, VOUTN, such as at
a voltage output node, e.g., the voltage output node 512 of
FIG. 5. Although shown as a differential stage, in other
examples, the second operational amplifier stage 600 can be
arranged 1n a single-ended configuration.

FIG. 7 1s a block diagram of another example of a circuit
including a gain stage with a current output coupled with a
current mput ADC circuit using various techniques of this
disclosure. Many of the components 1n FIG. 7 are similar to
the components in FIG. 5 and, for purposes of conciseness,
will not be described 1n detail again. In the circuit 700 in
FIG. 7, in some examples, the first ADC circuit 702 can
include a continuous-time ADC circuit, such as a sigma-
delta ADC circuit, and the second ADC circuit 704 can
include a discrete-time ADC circuit, such as a successive
approximation register (SAR) ADC circuit, a tflash ADC
circuit, a sigma-delta ADC circuit, or a pipeline ADC circuit.
The circuit 700 can form a signal chain.

The continuous-time ADC circuit be used for wide band-
width AC performance and the discrete-time ADC circuit
can be used for narrow bandwidth DC performance. As
such, both high DC accuracy and high AC accuracy can be
achieved.

Various Notes

Each of the non-limiting aspects or examples described
herein may stand on 1ts own, or may be combined 1n various
permutations or combinations with one or more of the other
examples.

The above detailed description includes references to the
accompanying drawings, which form a part of the detailed
description. The drawings show, by way of illustration,
specific embodiments 1n which the invention may be prac-
ticed. These embodiments are also referred to herein as
“examples.” Such examples may include elements 1 addi-
tion to those shown or described. However, the present
inventors also contemplate examples 1n which only those
clements shown or described are provided. Moreover, the
present 1nventors also contemplate examples using any
combination or permutation of those elements shown or
described (or one or more aspects thereof), either with
respect to a particular example (or one or more aspects
thereol), or with respect to other examples (or one or more
aspects thereol) shown or described herein.

In the event of inconsistent usages between this document
and any documents so incorporated by reference, the usage
in this document controls.
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In this document, the terms “a” or “an” are used, as 1s
common 1n patent documents, to include one or more than
one, independent of any other instances or usages of “at least
one” or “one or more.” In this document, the term “or” 1s
used to refer to a nonexclusive or, such that “A or B”
includes “A but not B,” “B but not A,” and “A and B,” unless
otherwise indicated. In this document, the terms “including”
and “in which” are used as the plain-English equivalents of
the respective terms “comprising” and “wherein.” Also, in
the following claims, the terms “including” and “compris-
ing” are open-ended, that 1s, a system, device, article,
composition, formulation, or process that includes elements
in addition to those listed after such a term 1n a claim are still
deemed to fall within the scope of that claim. Moreover, 1n
the following claims, the terms “first,” “second,” and
“third,” etc. are used merely as labels, and are not intended
to 1mpose numerical requirements on their objects.

Method examples described herein may be machine or
computer-implemented at least 1n part. Some examples may
include a computer-readable medium or machine-readable
medium encoded with instructions operable to configure an
clectronic device to perform methods as described in the
above examples. An implementation of such methods may
include code, such as microcode, assembly language code,
a higher-level language code, or the like. Such code may
include computer readable 1nstructions for performing vari-
ous methods. The code may form portions of computer
program products. Further, in an example, the code may be
tangibly stored on one or more volatile, non-transitory, or
non-volatile tangible computer-readable media, such as dur-
ing execution or at other times. Examples of these tangible
computer-readable media may include, but are not limited
to, hard disks, removable magnetic disks, removable optical
disks (e.g., compact discs and digital video discs), magnetic
cassettes, memory cards or sticks, random access memories
(RAMSs), read only memories (ROMs), and the like.

The above description 1s mtended to be illustrative, and
not restrictive. For example, the above-described examples
(or one or more aspects thereol) may be used 1n combination
with each other. Other embodiments may be used, such as by
one of ordinary skill in the art upon reviewing the above
description. The Abstract 1s provided to comply with 37
C.FR. § 1.72(b), to allow the reader to quickly ascertain the
nature of the technical disclosure. It 1s submitted with the
understanding that 1t will not be used to interpret or limit the
scope or meaning of the claims. Also, in the above Detailed
Description, various features may be grouped together to
streamline the disclosure. This should not be 1nterpreted as
intending that an unclaimed disclosed feature 1s essential to
any claim. Rather, inventive subject matter may lie 1n less
than all features of a particular disclosed embodiment. Thus,
the following claims are hereby incorporated into the
Detailed Description as examples or embodiments, with
cach claim standing on its own as a separate embodiment,
and 1t 1s contemplated that such embodiments may be
combined with each other 1n various combinations or per-
mutations. The scope of the imnvention should be determined
with reference to the appended claims, along with the full
scope of equivalents to which such claims are entitled.

The claimed invention is:
1. A circuit comprising:
a gain stage mcluding:
an input node to receive an input signal;
a first operational amplifier stage coupled between the
input node and a current output node, the current
output node to provide a current output;
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a current mirror stage coupled with an output of the first
operational amplifier stage, the current output node
coupled with the current mirror stage; and

an analog-to-digital converter (ADC) circuit having an
input node coupled with the current output node of the
gain stage, the mput node to receive a current mput.

2. The circuit of claim 1, wherein the gain stage includes
an strumentation amplifier.

3. The circuit of claim 1, wherein the ADC circuit
includes a continuous-time sigma-delta ADC circuit.

4. The circuit of claim 1, wherein the ADC circuit
includes a discrete-time ADC circuit.

5. The circuit of claim 1, wherein the gain stage and the
ADC circuit are arranged 1n a single-ended configuration.

6. The circuit of claim 1, wherein the gain stage and the
ADC circuit are arranged 1n a differential configuration.

7. The circuit of claim 1, comprising:

a pair o electronic switches coupled 1n series between the
current output node of the gain stage and to the mput
node of the ADC circuit;

a control circuit to operate the pair of electronic switches
in a complementary manner; and

a capacitor coupled between the pair of electronic
switches and to a reference voltage, the capacitor to
receive the current output from the gain stage.

8. The circuit of claim 1, comprising:

a pair of electronic switches coupled 1n series between the
current output node of the gain stage and to the input
node of the ADC circuit;

a control circuit to operate the pair of electronic switches
in a complementary manner, and

an integrator circuit including an operational amplifier
coupled 1n series between the current output node of the
gain stage and to the mput node of the ADC circuit.

9. The circuit of claim 1, wherein the gain stage includes
a voltage output node to provide a voltage output, and
wherein the gain stage includes the first operational ampli-
fier stage and a second operational amplifier stage between
the 1put node and the voltage output node.

10. The circuit of claim 9, wherein the ADC circuit 1s a
first ADC circuit, and wherein the first ADC includes a
current input continuous-time sigma-delta ADC circuit, the
circuit comprising:

a second ADC, wherein the second ADC circuit includes

a voltage-based input node.

11. The circuit of claim 10, wherein the ADC circuit 1s a
first ADC circuit, and wherein the first ADC circuit includes
a current input continuous-time ADC circuit, the circuit
comprising;

a second ADC circuit, wherein the second ADC circuit

includes a discrete-time ADC circuit.

12. The circuit of claim 1, wherein the current mirror
stage 1ncludes a filter circuit.

13. A method comprising:

receiving an input signal;

applying, using a gain stage, a gain to the input signal to
adjust a level of the mput signal;

outputting, using a current output node of the gain stage,
a current representing the adjusted input signal; and

applying the current representing the adjusted input signal
to an iput node of an analog-to-digital converter

(ADC) circuit having an mput node coupled with the

current output node of the gain stage, the mput node to

receive a current mput.
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14. The method of claim 13, wherein applying the current
representing the adjusted imnput signal to the input node of an
analog-to-digital converter (ADC) circuit having the mput
node coupled with the current output node of the gain stage,
the mput node to recerve the current input includes:

applying the current representing the adjusted input signal

to the mput node of a continuous-time sigma-delta

ADC circuit.

15. The method of claim 14, comprising:

coupling a capacitor between a pair of electronic switches

and to a reference voltage, the capacitor to recerve the

current output from the gain stage;
controlling, wherein the pair of electronic switches are
coupled in series between the current output node of the gain
stage and to the input node of the ADC circuit; and

controlling the pair of electronic switches to operate in a

complementary manner.

16. The method of claim 14, comprising:

coupling an integrator circuit including an operational

amplifier 1n series between the current output node of

the gain stage and to the input node of the ADC circuat;
and

controlling a pair of electronic switches to operate 1n a

complementary manner, wherein the pair of electronic

switches are coupled in series between the current
output node of the gain stage and to the mput node of
the ADC circuait.

17. The method of claim 14, wherein the ADC circuit 1s
a first ADC circuit, wherein the gain stage includes a voltage
output node to provide a voltage output, wherein the gain
stage includes a first operational amplifier stage and a
second operational amplifier stage between the mput node
and the voltage output node, the method comprising:

controlling a first electronic switch coupled between the

current output node of the gain stage and the first ADC
circuit; and

controlling a second electronic switch coupled between

the voltage output node and a voltage-based input node

of a second ADC circuit.

18. A circuit comprising:

a gain stage mncluding:

an input node to receive an input signal;

a first operational amplifier stage coupled between the
input node and a current output node, the current
output node to provide a current output;

a current mirror stage coupled with an output of the first
operational amplifier stage, the current output node
coupled with the current mirror stage;

a second operational amplifier stage coupled between
the current mirror stage and a voltage output node,
the voltage output node to provide a voltage output;
a first analog-to-digital converter (ADC) circuit having an

input node coupled with the current output node of the

gain stage, the input node to receive a current input; and

a second ADC circuit having a voltage-based iput node
coupled with the voltage output node of the gain stage.

19. The circuit of claam 18, wherein the first ADC circuit
includes a current input continuous-time ADC circuit and
wherein the second ADC circuit mcludes a discrete-time

ADC circuait.
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